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a  b  s  t  r  a  c  t
Thirty-nine  nulliparous  and  cyclic  free-ranging  Anglo-nubian  goats  were  synchronized
using  60  mg  MAP  intravaginal  sponges  for 10 days  and  50 g cloprostenol  treatment,  48  h
before sponge  removal  (SR).  Goats  were  allocated  to  3 groups  with  13  animals  in  each  group.
The  treatment  groups,  Insulin  0.14  and  Insulin  0.20  were  treated  subcutaneously,  for  3  con-
secutive days  –  beginning  48  h  before  SR,  with  0.14  IU/kg  BW/day  or  0.2 IU/kg BW/day  of  a
long-acting  insulin,  respectively.  The  Control  group  received  a 0.5  ml saline  solution  (s.c.).
The  goats  were  monitored  for the  occurrence  of  estrus  and  mated  at the onset  of  estrus  and
24  h  later.  Transrectal  ultrasonography  was  used  to  monitor  the  ovarian  follicular  dynam-
ics, ovulation  rate  and  diagnose  pregnancy.  Blood  samples  were  collected  from  48  h  before
SR to the  12th  day  of pregnancy  for  plasma  insulin  determinations.  Insulin  administration
exhibited  an  increase  (p  <  0.05)  in  animals  with  plasma  insulineamia.  Insulin  treated  goats
recorded a  higher  (p  < 0.05)  ovulation  rate,  when  compared  to  saline  control  treated  goats
(1.7 ±  0.23  vs  1.0  ± 0.21).  Nulliparous  does  from  the Insulin  0.14  group  recorded  large  fol-
licles at  0,  12  and  18 h  of the  estrous  period  (p  <  0.05),  a more  efﬁcient  synchronization  of
ovulation (p <  0.05)  and  larger  size  CLs  (p  <  0.05).  It was  concluded  that  administration  in
insulin induced  a positive  effect  on  ovarian  response  in nulliparous  goats.  Furthermore,  in
eprodu
 these  animals  the  r
insulin  dosage.
. Introduction
Goats play a crucial role in the rural economy of North-
ast Brazil. There are approximately 8 million goats in
razil, and of this total, 92% are raised in this region.
his region is characterized by a semi-arid climate, but
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to improve the productivity of the goat herds, especially
for milk production, farmers have introduced exotic goat
breeds, such as the Anglo-Nubian and Saanen (Freitas et al.,
2004).
There are however certain problems in establishing
practices regarding reproductive management in the harsh
environments, such as these semi-arid regions of North-
eastern Brazil. In these areas the majority of the farms
raise goats extensively, by using natural pastures. Sev-
Open access under the Elsevier OA license.eral studies have been demonstrated that treatment with
metabolic hormones and growth stimulants, such as soma-
totrophin, insulin and IGF-I, may  improve the reproductive
performance of the farm animals (Gong et al., 1994).
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In vitro, insulin and IGF-I studies have shown to be impor-
tant in the follicular development, steroidogenesis, oocyte
maturation and further embryonic development (Totey
et al., 1996). Recent studies have reported that the admin-
istration of exogenous insulin may  inﬂuence follicular
development, favoring gonadotrophic-dependent follicle
recruitment and increasing the ovulatory follicle diame-
ter and the ovulation rate (Ramoun et al., 2007; Sarath
et al., 2008) a may  also. s also stimulate a greater follic-
ular estradiol production in ruminants (Butler et al., 2004;
Ramoun et al., 2007). Furthermore, the direct administra-
tion of insulin has been shown to improve the response to
superovulation treatments (Selvaraju et al., 2003) and the
quality of in vivo (Souza et al., 2008) and in vitro (Thompson,
2000) produced embryos.
The aim of this study was thus to compare the
effect of different doses of insulin on the estrous and
ovarian response in nulliparous goats following estrous
synchronization treatment, reared under an extensive
management system in North-eastern Brazil.
2. Materials and methods
2.1. Animals and management
The experiment was  conducted using 39 nulliparous, non-pregnant
and cycling Anglo-nubian goats at the Chapadinha Farm located at
6◦S, 40.4◦W in Tauá, North-eastern Brazil, from November 2007 to
February 2008, during the dry season. The mean (±SD) temperature
and rainfall recorded during the experimental period was  28.7 ± 0.2 ◦C
and  78.6 ± 2.32 mm,  respectively. Animals were maintained under similar
feeding and management conditions. Brieﬂy, the goats were reared under
free-range conditions, according to the following management practices:
does grazed on natural pastures during the day and were penned at
night, because of to the presence of predators. When penned, all animals
received 200 g/head of a concentrate containing 18% crude protein.
2.2. Estrous synchronization and mating
Estrus was synchronized using 60 mg  medroxyprogesterone acetate
(MAP) (Progespon, Syntex, Buenos Aires, Argentina) intravaginal sponges
for 10 days and an i.m. injection of 50 g of cloprostenol (Ciosin, Schering-
Plough Coopers, São Paulo, Brazil) 48 h prior to sponge removal (SR). After
sponge withdrawal, a buck was introduced three times a day to detect
estrus (06:00, 12:00 and 18:00), beginning 20 h after SR for a 84 h obser-
vation period. Does in estrus were mated at the onset of estrus and 24 h
later, using three Anglo-Nubian fertile bucks (1:4 mating ratio).
2.3. Insulin treatment
Before estrous synchronization, the does were divided into three
groups of similar (p > 0.05) age (9.9 ± 0.4 months) and body weight
(24.4 ± 0.7 kg). Treatment was  according to the insulin dose: insulin 0.14
(n  = 13): 0.14 IU/kg body weight/day; Insulin 0.20 (n = 13): 0.2 IU/kg body
weight/day and the Control group (n = 13). In the insulin-treated groups,
insulin was  subcutaneously (s.c.) administered using a human long acting
insulin (100 IU/ml; Novolin N, Novo Nordisk A/S., Bagsvaerd, Denmark)
for 3 consecutive days – beginning 48 h before SR. The Control group does
received an injection of 0.5 ml  saline solution as placebo.
2.4. Ultrasonography
In 5 animals from each group, transrectal ultrasonography of the
ovaries was performed for monitoring the ovarian follicular dynamics,
using a 6–8 MHz  linear-array probe, ﬁtted to a Falco 100 scanner (Pie-
Medical® , Maastricht, Netherlands), as described by Teixeira et al. (2008).
The  growth pattern of the ovarian follicles was monitored at 6 h intervals
from the onset of the estrus, until ovulation. In all goats, transrectal ultra-
sonography was  also used to determine the ovulation rate by counting
the number of corpora lutea (CLs) 3 days after mating.esearch 105 (2012) 282– 285 283
The ultrasonographic images were recorded and transferred to a
computer hard disk for further detailed evaluation. The diameter of
the preovulatory follicles and CLs per ovary was  measured on recorded
scanning images, using computer software (Image J, National Institutes
of  Health, Millersville, USA), after calibration. From the stored images
obtained with a frequency of 6 and 8 MHz, it was established that 5 mm
represented 10.66 and 22.34 pixels, respectively. This calibration was
made by counting the number of pixels between two  bars that represent
10 mm on the horizontal and vertical sonogram axis scale, respectively.
2.5. Insulin assay
From 48 h before to 24 h after SR, before feeding and insulin admin-
istration, blood samples were collected daily into heparinized tubes
by  venipuncture and immediately centrifuged at 1000 × g for 20 min.
The separated plasma was stored at −20 ◦C until analysed for insulin
using a commercial kit (IBL International GmbH, Flughafenstr, Hamburg,
Germany), validated for goat RIA (Rondina et al.,  2005).
2.6. Statistical analyses
All data were analyzed using SAS program software (SAS, Inc., Cary,
NC, USA). The effects of treatment (Control, Insulin 0.14 or Insulin 0.20)
and interval of assessment considered (time), were analyzed by the num-
ber  of goats in estrus and ovulation rate using the NPAR1WAY procedures,
and for the others parameters with the aid of GLM procedures. Values were
expressed as the mean ± SEM.
3. Results
The plasma insulin concentration was similar between
groups before the exogenous treatment. The pooled mean
being 14.1 ± 0.7 U/L. In contrast the insulin administra-
tion showed a signiﬁcant (p < 0.05) response regarding
insulineamia changes (Table 1) – measured from the end
of the estrous synchronization treatment to the third day
after mating. During this period the treated groups exhib-
ited positive differences in plasma insulin concentration,
when compared to the Control group (p < 0.05) (Table 1).
In Table 1 the estrous and ovarian responses following
estrous synchronization are set out. No signiﬁcant dif-
ferences (p < 0.05) were recorded in the insulin treated
groups regarding estrous behavior, compared to the Con-
trol animals (4 vs 2). In the treatments, a marked reduction
in interval between SR and the onset of estrus was also
observed – with a difference of more than 7 h (p > 0.05) for
the insulin-treated group (Control vs Insulin 0.20). Ultra-
sonographic analysis of the ovarian follicle growth pattern
(Fig. 1) performed for 24 h after the onset of estrus, indi-
cated a signiﬁcant effect after insulin treatment (p < 0.01).
At 0, 12 and 18 h after the onset of estrus, the Insulin 0.14
group recorded a larger follicular size, when compared to
the Insulin 0.20 (p < 0.05) group. Moreover a more sig-
niﬁcant effect (p < 0.05) following insulin administration
was observed regarding ovulatory follicle size, ovulation
rate and CL diameter (p < 0.001) (Table 1). Regarding these
parameters, goats treated with insulin exhibited a higher
(p < 0.001) mean ovulation rate, compared to the Control
goats (pooled mean 1.7 ± 0.23 vs 1.0 ± 0.21, respectively).
In addition, the Insulin 0.14 group recorded the biggest CL
size (p < 0.001).The distribution of ovulation events (Fig. 2) revealed
that 80% of the ovulations occurred 30 h after estrus in
the Control and Insulin 0.20 groups – while in the Insulin
0.14 group more than 50% the of ovulations occurred 36 h
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Table 1
Mean (± SE) insulin concentration, estrous and ovarian responses in nulliparous goats (control or treated with insulin).
Parameters N Treatment Effect of treatment
Control Insulin 0.14 Insulin 0.20
Insulin concentration (U/L) 15 11.66 ± 0.64a 13.75 ± 0.65ab 14.42 ± 0.50b p < 0.05
Estrous response
Estrous % (n/n) 39 84.62 (11/13) 69.23 (9/13) 69.23 (9/13) ns
Estrous length (h) 39 33.36 ± 2.18 38.78 ± 3.14 34.44 ± 2.30 ns
Sponge Removal – Onset Estrous (h) 39 36.27 ± 4.59 31.67 ± 3.81 28.78 ± 2.55 ns
Ovarian response
Ovulatory follicle size (mm) 15 6.24 ± 0.34a 6.41 ± 0.22a 5.46 ± 0.30b p < 0.05
Ovulation rate (n) 39 1.00 ± 0.21a 1.77 ± 0.22b 1.62 ± 0.24b p < 0.001
Corpora lutea diameter of (mm)  39 5.16 ± 1.02a 6.80 ± 1.10b 5.64 ± 0.87a p < 0.001
p < 0.05; values with different superscript letters (a, b) differ signiﬁcantly.
*Onset of estrous.
**Before ovulation.
***After ovulation.
Fig. 1. Ovulatory mean (±SE) follicle diameter (mm)  at the onset of estrus
in  nulliparous goats following treatment with insulin (n = 15). a and b
demonstrate signiﬁcant differences (p < 0.05) between treatments.
Fig. 2. Mean (±SE) ovulation rate following estrus in nulliparous insulin-
treated goats. a,bp < 0.05 signiﬁcant different between treatments. a and b
demonstrate signiﬁcant differences (p < 0.05) between treatments.following the onset of estrous behavior (p < 0.05). All does
that showed estrus ovulated. However in 5 animals ovu-
lation was not accompanied by estrus, and another 5 does
did not exhibit estrus or ovulation.
4. Discussion
Insulin has a direct stimulatory effect on estradiol pro-
duction (Bucholtz et al., 2000; Butler et al., 2004). This
action can be ascribed to the effect of insulin on steroido-
genesis (Selvaraju et al., 2003). A high response to induced
estrus has been reported in cows, buffaloes and goats
treated with exogenous insulin (Ramoun et al., 2007;
Sarath et al., 2008).
Similar reports in goats have shown, an increase in the
ovulation rate observed after insulin treatment (Selvaraju
et al., 2003). In goats and ewes, insulin induces a reduc-
tion in follicular atresia and an increase in the number
of gonadotrophin-dependent follicles (Gong et al., 1994;
Majumdar et al., 1997). Many researchers have stated that
the ovulation rate may  be manipulated by acting directly on
the ovary, stimulating the activity of the modulators, such
as IGF-I, through changes in the insulin–glucose system
(Meza-Herrera et al., 2008).
While the ovulatory follicle growth and the ovulation
distribution differed between groups, insulin adminis-
tration did not affect the maximum diameter of the
preovulatory follicles. This is in contradiction with ﬁnd-
ings in other studies, where exogenous insulin signiﬁcantly
increased the diameter of the large follicles (Ramoun
et al., 2007; Sarath et al., 2008). The lack of effects
following insulin treatment on the preovulatory follicle
diameter observed in the present study, may  be related to
the unfavorable endocrine environment, following insulin
administration. It is known that high concentrations of
exogenous progesterone, from the intravaginal device, may
reduce the pulsatility of LH secretion, compromising late
folliculogenesis (Rubianes and Menchaca, 2003).
In the present study, the progesterone concentration
in pregnant does treated with insulin was  highest on
day 9 after mating, indicating the presence of a well-
developed and functional CL. Several authors reported a
positive effect of insulin on CL development, due to the
increase in growth and proliferation of the granulosa and
minant RE.S.P. Pinheiro et al. / Small Ru
theca cells (Stewart et al., 1995). However, while insulin
affected the CL diameter, the progesterone concentration
was not affected, which is contrary to the ﬁndings of other
researchers (Selvaraju et al., 2002; Sarath et al., 2008).
Current ﬁndings illustrated that although the increase in
plasma insulin was proportional to the exogenous insulin
dose, the ovarian response, on the other hand, did not
respond in a dose-dependent manner. Goats treated with
low dosages exhibited similar or a superior performance,
when compared to the high dose treated group. Neg-
ative effects of high levels of insulin on reproductive
performance have been reported by several authors. In
ewes, glucose infusions have stimulated the ovulation rate
(Downing et al., 1995), however this was associated with a
reduction in pregnancy rate (Rubio et al., 1997).
In the present experiment, the use of young growing
animals may  have exacerbated the plasma insulin increase,
considering the metabolic sensitivity pattern to hormonal
signaling, decreasing the oocyte quality and increasing the
number of unfertilized structures (Davies-Morel and Beck,
2003).
In conclusion, insulin administration promoted an
efﬁcient reproductive response in the nulliparous does,
representing an useful tool for extensive herd management
in the tropical regions. The use of insulin during estrous
synchronization improved the ovarian response. Further-
more, the results showed, that the reproductive response
in the nulliparous does was not proportional to the incre-
ment of the insulin dose – with the smallest dose appearing
to be the best option.
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